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Abstract 
Recently, the Assessment Standard of Green Buildings in China requires that the green buildings not only can conserve energy, 
but also should provide a healthy and comfortable environment for the residents, so does to the lighting energy consumption and 
lighting comfort. Therefore, the main purpose of this paper is to analysis the relationship among the three factors, including the 
building space, lighting comfort level and the lighting energy consumption, taking the high-speed railway station as an example. 
We did the investigations of the artificial lighting luminous environment in 5 typical high- speed rail stations and conducted the 
lighting comfort vote and questionnaires on site to find out the lighting comfort demand curve at night. We also concluded the 
simplified models of those spaces and simulated the lighting environment and lighting energy consumptions by the software: 
Dialuxevo. According to the lighting comfort level we investigated, the research group adjusted the lighting design, lighting 
source and even architectural space in the simulation. Aimed at the optimized lighting quantity and quality, an improved 
designing method was put forward. 
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1. Introduction 
For recent years, there has been an extremely fast development on high-speed railway in China, especially the 
small and medium scale stations in second-tier cities. How to dealing with the contradiction between the lighting 
comfort and the lighting energy consumption has significant effect of improving architectural and lighting designing.  
The high-speed railway station waiting halls are the public space with large number of passengers in it. The 
artificial illumination is one of the most important parts of interior environment, and it influences the passengers’ 
sense of comfort level. Furthermore, the railway stations, the typical large space in China, run throughout the years 
and consume huge energy. So it is of great significance to do the energy-saving design research on the waiting hall 
of railway station. 
In this article, field investigation was done at 5 typical high speed railway stations in China. There are over 500 
questionnaires collected, focused on the passengers comfort evaluation of the artificial lighting. What’s more, the 
building plan and spatial characteristics were found by drawings analysis and field observations. The quantitative 
data of lighting indicators was obtained by field measurement using instruments. Through analysis of investigation 
results, the lighting comfort evaluated law was found and the typical architectural model of high-speed rail station 
was built. The research group utilized the comfort parameters as the designing principle to optimize the lighting-
energy-simulations of the standard model by software analysis. Through the simulation results analysis, the 
improved design and method were summarized. 
 
2. Methods 
2.1. Survey Objects Selection 
The research group conducted the survey in the cold areas of northern China. The following 5high-speed railway 
stations were selected, which are located on the map inFig1.The passengers’ lighting comfort evaluations and current 
artificial lighting situations have been chosen as survey objects. 
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Fig. 1.Stations Map 
2.2. Survey Method 
˄1˅ Subjective Evaluation 
The questionnaire survey was conducted in the 5 stations to evaluate the status of artificial lighting comfort at 
night. A daylight comfort evaluation, as a supplementary measure, was conducted to compare with the results made 
at night and figure out the comfort difference between different lighting background situations. The surveys were 
executed from January 25th to February 1st, 2014.We collected almost 500effective questionnaires under daylight 
and under the circumstance of completely dark outside. 
The questionnaire consists of not only subjective evaluations, including the evaluation of lighting comfort, the 
color rendering property and the glare, but also some basic parameters of test person, the illuminance value, the 
brightness value and the color rendering index. 
 
˄2˅ Space and Lighting Design Investigation 
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a
 b 
Fig. 2.investigated Waiting hall,(a) The First Floor Plan,(b) The Second Floor Plan, ”○” represent the location of the lamps 
Almost all of the stations at the Beijing-to-Shanghai Line are towards east-west. The station has 2 layers above 
the ground, 1 layer waiting hall with commercial space on the second floor. The overall height of waiting halls are 
about18m, covering an area of3500m2 approximately. At the north and south sides of the waiting hall, there are two 
escalators and stairs at each side. The length and the width of the first-floor waiting hall is 83m and36m. The clear 
height is 6m-8m on average of one floor and the central waiting hall is 18m in height. The each-side length and 
width of the second- floor is 24m and36m, with the clear height of 8m. The total area of the waiting hall is about 
5000 m2. (The plans are shown in Fig. 2.) 
The case 1 lighting design is utilizing 140 metal halide lamps of 150w in both the waiting area and commercial 
area. This design of lamps causes the illuminance of second floor is much higher than the first floor and the 
luminous efficacy of light source is losing in the longer distance. 
3. Results 
3.1. Lighting Comfort Subjective Evaluation 
In the Lighting environment subjective evaluation, we overall collected over 500effectivequestionnaires under 
daylight and artificial lighting. The results show that there are more people feel very satisfied and satisfied under the 
circumstance of daylight, 69% against 57%. Interestingly, at the same time, there are more people feel the general 
level under the artificial lighting. Particularly, there are also 7 people feel extreme unsatisfied while no one feel this 
level under the artificial lighting. 
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From the results, we can see that the station artificial lighting can provide passengers the stable lighting 
environment, which the majority of people feel general and satisfied level. It can bring less extreme situation 
occurred, including the good ones and bad ones. However, under the circumstance of daylight, the illuminance 
indoor can raise extremely high and can change sharply in very short period. It would be possible to cause the 
extreme felt, including the glare. 
 
Fig. 3. Lighting Comfort Subjective Evaluation in Daylight and Artificial Lighting 
3.2. The Relation Between the subjective evaluation and illuminance value 
The research group also gathered the illuminance value at the seat location of each tested per-son. So each 
evaluation matched a corresponding illuminance value. The artificial lighting results are shown in the Figure 4. 
 
Based on the survey Figure4, it can conclude that the satisfaction is in liner relation with the illuminance 
basically. The majority of very-satisfied- points and satisfied- points lay on the illuminance over 70 lx. According to 
the results, the higher satisfaction level required higher illuminance. When the indoor illuminance go down below 
70 lx under artificial lighting, there are more and more people begin to feel general or unsatisfied about the 
  
 
 
Fig.4.The Relation of the Lighting Comfort Level and illuminance in Lighting 
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situations. Because of bad operation and maintenance of the lighting sources, there are over half lamps being broken 
and not able to fix. The integral lighting environment is darker than the standard requested of 150 lx. But people, 
amazingly, require lower illuminance at such circumstance. From the results, it can found that almost all of people 
felt general level only requesting the illuminance value of 70 lx. Many people feel very satisfied at the 100-120 lx. 
This phenomenon may cause by the late time at night and sleepy emotion. This result also provided the quantified-
basis for the following lighting design retrofit. 
 
4. Simulation Boundary Condition 
Based on the survey, the lighting comfort evaluation laws had been obtained. The research group now focused on 
the retrofit the lighting design and space optimization for the higher satisfaction and lower energy consumption. 
Although tested the site lighting situation of the station, the results can not represent the original design conditions 
in terms of the broken lamps. Therefore, the lighting simulation is the best way to reappear the original design. 
4.1. Simulation Input Parameters 
Among the factors of lighting simulation input parameters, there are two crucial factors effecting the simulation 
results most: the material reflectivity and the parameters of the lighting sources. 
 
˄1˅ The reflectivity of materials 
In the lighting simulations, the most crucial parameters is the material reflectivity .The confirmation of this 
parameters was based on the site measurement by the illuminometer. The following table 1 is shown the different 
material reflectivity measured during the investigation of different stations. The calculated average value of those 
material - reflectivity are used in the simulations. 
Table 1.Test Reflectivity Results of Interior Surface 
Station Name Interior Wall Reflectivity Floor Reflectivity Glass Reflectivity 
Taian Station 0.43 0.32 0.22 
Qu Fu Station 0.49 0.24 0.15 
Zaozhuang Station 0.47 0.36 0.15 
Tengzhou Station 0.48 0.39 0.17 
Dezhou Station 0.37 0.39 0.24 
Average Value 0.45 0.34 0.19 
 
˄2˅ The Parameters of the Lighting Sources 
Table2.Test Reflectivity Results of Interior Surface 
Rated Power Lamp 1: 150 w Lamp 2: 70 w 
 
  
Light Output Ratio: 71.09% 72.12% 
Source Luminous Flux 12500 lm 5600 lm 
 
The most common lamps used in the waiting hall of railway stations are the metal halide lamps of 150w.In the 
optimizing the project, the metal halide lamps of 70w are also be selected. The relevant parameters of these 2 kinds 
of lamps are shown in the Table 2. 
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4.2. Lighting Simulation Models 
In the Dialuxevo, a 2 floors typical waiting hall of high-speed railway station is built. In order to improve the 
current situation of the light environment, we utilize the Dialux to optimize the designing from the angle of better 
comfort level and less energy consumption. Therefore, after a series simulation of the improved projects, there are 3 
simulation cases built. The first one is the case 1 conditions with 140 metal halide Lamps, uniformly arranged at the 
ceiling of second floor. The second condition is to remain the original lamps in the waiting area, the middle area of 
the ceiling. While at the commercial areas, the second kind lamps of 70w are utilized in these two areas. The lamps 
include 70 lamps of 150w and 35 lamps of 70w for each side. The third case changed the space of the waiting halls. 
Remaining the same total area of the waiting hall as the 2 cases simulated, the area of 18m height become smaller, 
decreasing from 3024 m2 to 1296m2. At the same time, the area of 7m height became twice as much, increasing 
from 1728m2 to 3456m2. The higher area still utilized the metal halide lamps of 150w, the number decreasing from 
70 to 42. The other area utilized the metal halide lamps of 150w, the number increasing from 70 to 126. The 
building plans and lamp- arrangement figures of the 3 simulation models are shown in the following figure 5. 
 
Fig.5. Test lamp- arrangement plan of case 1,2 and 3 simulation models 
Case 1, Area:  4750 m2 Case 2 , Area:  4750  m2 
Lighting Source: 140 metal halide Lamps of 150w (Lamp 1) Lighting Source: 70 lamps of 150w (Lamp 1) 70 lamps of 70w 
(Lamp 2) 
Case 3, Area:  4750 m2 
 
Lighting Source: 56 lamps of 70w (Lamp 2) F1 
Lighting Source: 42 lamps of 150w (Lamp 1) 56 lamps of 70w (Lamp 
2) F2 
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5. Simulation Results And Discussion 
5.1. Lighting design retrofit 
 
(a) 
 
(b) 
Fig.6. First Floor Iso-illuminance Curve of Case 1 (a) and Case 2 (b) 
 
From the compared results of the first floor, it can found that the illuminance value of the case 2 is lower and the 
uniformity is better, especially at the each side of the waiting hall. The illuminance value of the central area 
decreased from 300lx to 200lx. The lower illuminance can still meet the requirement of the designing standard of 
150lx. The variation of illuminance is much gently, from about 180lx to 100lx, which have great significance of 
improving the comfort level of passengers. 
From the compared results of the second floor, it can obviously found that the illuminance value of the case 2is 
lower and the uniformity is better. The lower illuminance, about 160lx, still met the requirement of the designing 
standard of 150lx, which can reduce the energy consumption in a certain degree. The better uniformity can be 
clearly seen at the edges of the waiting hall, which have great significance of improving the passengers’ comfort 
level. 
a  b 
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(a) 
 
(b) 
Fig. 7. Second Floor Is-illuminance Curve of Case 1 (a) and Case 2 (b)  
5.2. Space optimization 
From the compared results of the figure 7, it can found that the illuminance value of the case 3 is higher in the 
central area, about 220lx, and the uniformity is better, especially at the each side of the waiting hall. Because of 
security checking, the illuminance value of the central area should increase in a certain degree. The area of 
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illuminance value over 150lx became larger at the two sides of the waiting hall. The overall lighting environment 
became better. 
 
(a) 
 
(b) 
Fig. 8. 1st Floor(a) and 2nd Floor(b)Iso-illuminance Curve of Case 3 
 
5.3. Simulation results 
According to the simulations, the results are summarized in table 3, including the basic parameters, illuminance 
value of the extremum and average and the uniformity. Furthermore, the energy consumption values are also 
summarized in table 4, including the total power and power density of each simulation condition. 
 
Table 3.The summery of the simulation results case 2 and case 3 
 
Basic parameters  Quantity Average illumination 
Min 
illumination 
Max 
illumination Uniformity 
864   Liu Gang et al. /  Procedia Engineering  121 ( 2015 )  854 – 865 
of light (w, lm) ˄lux˅ (lux) (lux) 
1F Ground 
( Case 1) 
150w,12500lm, 7*12=84 203 95.1 309 0.47 
1F Ground 
( Case 2) 
150w,12500lm, 7*10=70 159 77 217 0.484 
1F Ground 
( Case 3) 
150w,12500lm, 
70w,5600lm, 
7*6=42 
7*4=28(half) 
168 110 227 0.66 
2F Ground 
( Case 1) 
150w,12500lm, 7*4=28(half) 220 79.2 291 0.36 
2F Ground 
( Case 2) 
70w,5600lm, 7*5=35(half) 148 84.9 215 0.573 
2F Ground 
( Case 3) 
70w,5600lm, 7*4=28(half) 147 89.5 176 0.61 
 
Table 4.Waiting hall lighting energy consumption 
 Total power(W) Power density(W/m2) Energy Saving Ratio(%) 
Case 1 21000 4.42 0% 
Improved Case 2 15400 3.24 26.7% 
Improved Case 3 14252 3.0 32.13% 
5.4. Discussion of  the results 
(1) Lighting quantity 
Utilizing design standard, the research group found that the case 1 has much higher illuminance at 1st floor than 
the standard requested, 203lux against 150lux. The max illuminance value even reached the 309lx, as twice much as 
the standard requested. Aiming at this issue, we changed the lamps arrangement, from 12 rows with 7 lines to 10 
rows with 7 lines, to de-crease the illuminance on ground. The case 2 proved that the average illuminance is about 
the 150lux, and we save 14 metal halide lamps of 150w.  
Furthermore, the case 2 still has some problems need to improve, including the minimum illuminance value and the 
uniformity.  Aiming at this issue, there is a series of space variation being simulated. Keeping the same total area of 
the waiting hall, we changed the central part of 18 height, varying from 3024m2 to 1296m2. Because of the space 
adjustment, the arrangement of the lamps still changed for the new space. The case 3 results indicated that the aver-
age illuminance value of the central area became larger, the minimum value increase effectively, from 77 to 110, 
which also lead to the better uniformity value.  
 
(2)  Lighting quality and lighting comfort  
The case 1 designing also leaded the lighting uniformity lower than the standard value. Based on the simulation 
results, we changed the metal halide lamps of 70w, and arrange them in 5 rows with 7 lines. The case 2 result shows 
the uniformity of this area increase significantly, from 0.36 to 0.573. 
Furthermore, we changed the area of the second floor and reduce the quantity of the metal halide lamps of 70w at 
both the first and second floor, from 35 to 28 for each side, arranging them in 4 rows with 7 lines. The improve case 
3 result shows the uniformity of the first floor increase significantly, from 0.484 to 0.573, and the 2nd floor also 
increase from 0.573 to 0.61. 
 
(3)  Lighting energy consumption 
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Based on the simulation results of Table 7 and 8, we can find that after the adjustment, not only the lighting 
parameters of the waiting hall become better, but also will decrease the lighting consumption. The value of lighting 
power density of case 3 decreased from the 3.24 to 3, saving about 32.1% energy against the case 1 of the current 
situation. 
6. Conclusion 
The research group did the investigation on site and collected over 500 questionnaires to figure the relation 
between the illuminane and lighting comfort level. At the same time, the simulation model had been built in the 
Dialuxevo to explore the energy-saving potential of the lighting retrofit and space optimization.  
 
According to the final results, we can conclude that adjusting the quantity and type of the lighting sources, the 
improvement of the interior lighting environment is significant. Not only the illuminance value can meet the 
requirement, the uniformity of the waiting hall can reach over 0.5. This kind of retrofit also can lead about 26% 
energy saving ratio. However, the retrofit of lighting has its limit in a certain degree and can't reach the better 
situation.  Because of the limits, there are the space optimizations for lighting environment being put forward. Base 
on the lighting retrofit, we adjust a series of space and conclude that this kind of optimization has better energy-
saving potential to get better performance of the lighting environment. The simulation results of case 3 also prove 
the idea. The uniformity of the case 3 reached over 0.6, much better than the previous ones. The energy saving ratio 
also increase to the 32%, which the lamps-retrofit is hard to approach the level. Furthermore, the relationship 
between the building spaces and lighting energy consumption can guide the architectural designing for the better 
lighting comfort and lower lighting energy consumption. 
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